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FIG. 1 is a schematic overview of an exemplary
CDMA cellular telephone system in accordance with
the present invention;

FIG. 2 is a block diagram of a mobile unit telephone
configured for CDMA communications in a CDMA
cellular telephone system;

FIG. 3 is a block diagram of a cell-site equipment in
a CDMA cellular telephone system; and

FIG. 4 is a block diagram of a mobile telephone
switching office equipment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An exemplary telephone system in which the present
invention is embodied is illustrated in FI1G. 1. The sys-
tem illustrated in FIG. 1 utilizes COMA modulation
techniques in communication between the system mo-
bile uaits or mobile telephones, and the cell-sites. Cellu-
lar systems in large cities may have hundreds of cell-site
stations serving hundreds of thousands of mobile tele-
phones. The use of CDMA techniques readily facilitates
increases in user capacity in systems of this size as com-
pared to conventional FM modulation cellular systems.

In FIG. 1, system controller and switch 10, also re-
ferred to as mobile welephone switching office (MTSO),
typically includes interface and processing circuitry for
providing sysiem control to the cell-sites. Controlier 10
also coatrols the routing of telephone calls from the
public switched telephone network (PSTN) to the ap-
propriate cell-site for transmission to the appropriate
mobile unit. Controller 10 also controls the routing of
calls from the mobile units, via at least one cell-site to
the PSTN. Controller 10 may direct calls between mo-
bile users via the appropriate cell-site siations since such
mobile units do not typically communicate directly
with one another.

Controller 10 may be coupled to the cell-sites by
various means such as dedicated telephone lines, optical
fiber links or by microwave communication links. In
FIG. 1, three such exemplary cell-sites, 12, 14 and 16
along with an exemplary mobile unit 18, which includes
a cellular telephone, are illustrated. Arrows 20a-200
define the possible communication link between cell-
site 12 and mobile unit 18. Arrows 22a-22) define the

possible communication link between cell-site 14 and -

mobile unit 18. Similarly, arrows 249-240 define the
possible communication link between cell-site 16 and
mobile unit 18.

The cell-site service aress or cells are designed in
geographic shapes such that the mobile unit will nor-
mally be closest to one cell-site. When the mobile unit is
idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each
nearby cell-site. As illustrated in FIG. 1 the pilot signals
are respectively transmitted to mobile unit 18 by ceil.
sites 12, 14 and 16 respectively upon communication
links 205, 225 and 24b. The mobile unit then determines
which cell it is in by comparing pilot signal strength
transmitted from these particular cell-sites.

In the example illustrated in FI1G. 1, mobile unit 18
may be considered closest to cell-site 16. When mobile
unit 18 initiates a call, a control message is transmirted
to the nearest cell-site, cell-site 16. Cell-site 16 upon
receiving the call request message, signals system con-
troller 10 and transfers the call number. System control-
ler 10 then connects the call through the PSTN to the
intended recipient.
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Should a call be initiated within the PSTN, controller
10 transmits the call information to all the cell-sites in
the area. The cell-sites in return transmit a paging mes-
sage 10 the intended recipient mobile unit. When the
mobile unit hears a page message, it responds with a
control message that is transmitted to the nearest ceil-
site. This control message signals the system controller
that this particular cell-site is in communication with
the mobile unit. Controller 10 then routes the call
through this cell-site to the mobile unit.

Should mobile unit 18 move out of the coverage area
of the initial cell-site, cell-site 16, an attempt is made to
continue the call by routing the call through another
cell-site. In the handofT process there are two different
methods of initiating the handofT of the call or routing
through another cell-site.

The first method, called the cell-site initiated handofT,
i similar to the handofT method employed in the origi-
nal first generation analog cellular telephone sysiems
currently in use. In the cell-site initiated handoff
method, the initial cell-site, cell-site 16, notices that the
signal transmitted by mobile unit 18 has fillen below a
certain threshold level. Cell-site 16 then transmits s
handoff request to system controlier 10. Controller 10
relays the request to all neighboring cell-sites, 14, 12 of
cell-site 16. The controller transthitted request includes
information relating to the channel, including the PN
code sequence used by mobile unit 18. Cell-sites 12 and
14 tune a receiver to the channel being used by the
mobile unit and measure the signal strength, typically
using digital techniques. If one of cell-sites 12 and 14
receivers report a stronger signal than the initial cell-site
reported signal strength, then a handoff is made to this
cell-site.

The second method of initiating a handoff is called
the mobile initisted handoff. The mobile unit is
equippedwithueemhreceiverwhichismedtom
the pilot signal transmission of neighboring cell-sites 12
and 14, in addition to performing other functions. If a
pilot signal of cell-sites 12 mew
than the pilot signal of cell-site 18, unit 18 trans-
mits 8 control message to the current ceil-site, cell-site
16. This control message contains information identify-
ing the cell-site of greater signal strength in addition to
information requesting a handoff to this cell-site. Cell-
site 16 transfers this control message to controiler 10.

The mobile initisted handoff method hss various
advantages over the cell-site initistsd handoff method.
The mobile unit becomes aware of changes in paths
between itself and the various neighboring cell-sites
much sooner and with less effort than the cell-sites are
capable of doing. However, wperfomtmobilemu-
ated handoff, each mobile unit must be providtd with s
searching receiver to perform the scanning function.
However, in the exemplny embodiment described
herein of a mobile unit CDMA communications capa-
bility, the search receiver has additional functions
which require its presence.

FIG. 2 illustrates in block disgram form an exemplary
mobile unit. The mobile unit includes an antenna 30
which is coupled through diplexer 32 to analog receiver
34 and transmit power amplifier 36. Antenna 30 and
diplexer 32 are of standard design and permit simulta-
neous transmission and reception through a single an-
tenna. Antenna 30 collects transmitted signals and pro-
vides them through diplexer 32 to analog receiver 34.
Receiver 3 receives the RF frequency signals from
diplexer 32 which are typically in the 850 MHz fre-
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quency band for amplification and frequency downcon-
version to an IF frequency. This frequency translation
process is accomplished using a frequency synthesizer
of standard design which permits the receiver to be
tuned to any of the frequencies within the receive fre-
quency band of the overall cellular telephone frequency
band.

The IF signal is then passed through a surface acous-
tic wave (SAW) bandpass filter which in the preferred
embodiment is approximately 1.25 MHz in bandwidth.
The characteristics of the SAW filter are chosen to
match the waveform of the signal transmitted by the
cell-site which has been direct sequence spread spec-
trum modulated by a PN sequence clocked at a prede-
termined rate, which in the preferred embodiment is
1.25 MHz. This clock rate is chosen t0 be an integer
multiple of a number of common data rates such as 16
Kbps, 9.6 Kbps, and 4.8 Kbps.

Receiver 34 also performs a power control function
for adjusting the transmit power of the mobile unit.
Receiver 34 generates an analog power control signal
that is provided 10 transmit power control circuitry 38.
The control and operation of the mobile unit power
control feature is disclosed in copending U.S. patent
application entitled “"METHOD AND APPARATUS
FOR CONTROLLING TRANSMISSION POWER
IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM", Ser. No. 07/433,031, filed Nov. 7, 1989,
now U.S. Pat. No. 5,056,019, by the inventors hereof an
assigned to the Assignee of the present invention.

Receiver 34 is also provided with an analog to digital
(A/D) converter (not shown) for converting the IF
signal to 8 digital signal with conversion occurring at a
9.216 MHz clock rate in the preferred embodiment
which is exactly eight times the PN chip rate. The digi-
tized signal is provided to each of two or more signal
processors ar data receivers, one of which is a searcher
receiver wixh the remainder being data receivers.

In FIG, 2, the digitized signal output from receiver 34
is provided 10 digital data receivers 40 and 42 and to
searcher receiver 44. It should be understood that an
inexpensive, low performance mobile unit might have
only a single data receiver while higher performance
units may have two or more to allow diversity recep-
tion.

The digitized IF signal may contain the signals of
many on-going calls together with the pilot carriers
transmittad by the current and all aeighboring cell-sites.
The function of the receivers 40 and 42 are to correlate
the IF sampies with the proper PN sequence. This cor-
relation process provides a propesty that is well-known
mthemu“proeanngm which enhances the sig-
nal-to-interference ratio of a signal maiching the proper
PN sequence while not eahancing other signals. Corre-
lation output is then synchronously detected using the
pilot carrier from the closest cell-site as 8 carrier phase
refereace. The result of this detection process is a se-
quence of encoded data symbals.

AmpmyoﬁhePquweenundm the present
invention is that ¢ n is provided against mul-
upath signals. the signal arrives at the mobile
recsiver after tm/ellmg upon more than one path there
will be a difference in the reception ume of each multi-
path propagation of the signal. This reception time
difference corresponds to the difference in distance
divided by the speed of light. If this time difference
exceeds one microsecond, then the correlation process
will discriminate against one of the paths. The receiver
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can choose whether to track and receive the earlier or
later path. If two receivers are provided, such as receiv-
ers 40 and 42. then two independent paths can be
tracked and in parallel.

Searcher receiver 44, under control of control pro-
cessor 46 is for continuously scanning the time domain,
around the nominal time of a received pilot signal of the
cell-site, for other multi-path pilot signals from the same
cell-site and for other cell-site transmitted pilot signals.
Receiver 44 will measure the strength of any reception
of & desired waveform at times other than the nominal
time. Receiver 44 compares sigral strength in the re-
ceived signals. Receiver 44 provides a signal strength
signai to control processor 46 indicative of the strongest
signals.

Processor 46 provides control signals to digital data
recenveu‘ﬂlnduforuchtoprocandiﬂ'mutoneof
the strongest signals. On occasion another cellssite
transmitted pilot signal is of greater signal strength than
the current cell-site signal strength. Control processor
46 thea would generate a control message for transmis-
sion to the system controller via the current cell-site
requesting a transfer of the call, to the cell-site corre-
sponding to the stronger pilot signal. Receivers 40 and
42 may therefore handle calls through two different
cell-sites.

The outputs of receivers 40 and 42 are provided to
diversity combiner and decoder circuitry 48. The diver-
sity combiner circuitry contained within circuitry 48
simply adjusts the timing of the two streams of received
signals into alignment and adds them together. This
addition process may be proceeded by muitiplying the
two streams by a number corresponding 10 the relative
signal strengths of the two streams. This operation can
be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using
a forward stream error detection decoder also con-
tained within circuitry 48.

In the exemplary embodiment convolutional encod-
ing is utilized. The convolutional encoding bas s con-
straint length 9 and a code rate §, i.c. three encoded
symbols are produced and transmitied for every infor-
mation bit to be wransmitied. The optimum decoder for
this type of code is of the soft decision Viterbi algorithm
decoder design. The resulting decoded mfonpmon bits
are passed to the user digital baseband circuitry 80.

Baseband circuitry 30 typically includes a digital
vocoder (not shown). Baseband circuitry 50 further
serves as an interface with a handset or any other type
of peripheral device. Baseband circuitry 50 sccommo-
amavmayotmwmw
circuitry 80 provides output information signals to the
user in sccordance with the information provided
thereto from cigcuitry 48.

User anslog voice signals typically provided through
a handset are provided as an input to baseband circuitry
$0. Baseband circuitry 50 includes sn analog to digital
(A/D) coaverter (not shown) which converts the ana-
log signal to digital form. The digital signal is provided
to the digital vocoder where it is encoded. The vocoder
output is provided to a forward error cofrection encod-
ing circuit (not shown) for error correction. This voice
digitized encoded signal is output from baseband cir-
cuitry 50 to transmit modulator 52.

Transmit modulator 52 modulates the encoded signal
on a PN carrier signal whose PN sequence is chosen
according to the assigned address funcuon for the call.
The PN sequence is determined by control processor 46
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from cdl setup information that is transmitted by the
cell-site and decoded receivers 40 and 42. In the alterna-
tive, control processor 46 miay determine the PN se-
guence through pre-arrangement with the cell-site.
Control processor 46 provides the PN seqnence infor-
mation to transmit modulator 52 and to receivers 40 and
42 for call decoding.

The output of transmit modulator 52 is provided to
transmit power control circuitry 38. Signal transmission
power is controlled by the anslog power control signal
provided from receiver 34. Furthermore, control bits
are transmitted by the cell-sites in the form power ad-
justment commands which are processed by data re-
ceivers 40 and 42. The power adjustment command is
used by control processor 46 in setting the power level
in mobile unit transmission. In response 10 power con-
trol commands control processor 46 generates a digital
power control signal that is provided to circuitry 38.
Further information on the interrelationship of the re-
ceivers 40 and 42, control processor 46 and transmit
power control 38 are also further described in the
above-mentioned copending patent application.

Transmit power control ¢ircuitry 38 outputs the
power controlled modulated signal to transmit power
amplifier circuitry 36. Circuitry 36 amplifies and con-
verts the IF signal to an RF frequency by mixing with
a frequency synthesizer output signal which tunes the
signal to the proper output frequency. Circuitry 36
includes an amplifier which amplifies the power to a
final output level. The intended transmission signal is
output from circuitry 36 to diplexer 32. Diplexer 32
couples the signal 10 antenna 30 for transmission to the
cell-sites.

Control processor 46 is also capable of generating
control messages such as cell-diversity mode requests
and cell-site communication termination commands.
These commands are provided to transmit modulator 52
for transmission. Control processor 46 is responsive to
the data received from data receivers 40, 42 and search
receiver 44 for making decisions relative to handoff and
diversity combining.

FIG. 3 illustrates in block disgram form an exemplary
embodiment of the cell-site equipment. At the cell-site,
two receiver systems are utilized with each having a
separate antenna and analog receiver for space diversity
reception. In each of the receiver systems the signals are
processed identically until the signals undergo a diver-
sity combination process. The elements within the
dashed lines correspond to elements corresponding to
the communications between the cell-site and one mo-
bile unit. The output of the analog receivers are also
provided to other eclements used in communications
with other mobile units.

In FIG. 3, the first receiver system is comprised of
antenna 60, analog receiver 62, searcher receiver 64 and
digital data receiver 66. This receiver system may also
include an optional digital data receiver 68. The second
receiver system includes antenna 70, analog receiver 72,
searcher receiver 64 and digital data receiver 66. Also
utilized in signal processing and control for handoff and
diversity is cell-site control processor 78. Both receiver
systems are coupled to diversity combiner and decoder
circuitry 80. Digital link 82 is utilized to communicate
signals to and from the MTSO (FIG. 4) with cell-site
transmit modulator 84 and circuitry 80 under the con-
trol of control processor 78.

Signals received on antenna 60 are provided to ana-
log receiver 62. Received signals amplified by an ampli-
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fier in receiver 62 and transiated to an IF frequency by
mixing with a frequency synthesizer output signal. The
IF signals are bandpass filtered and digitized in a pro-
cess identical to that described with reference to the
mobile unit analog receiver. The digitized IF signals are
provided to digital data receiver 66, optional data re-
ceiver 68 and searcher receiver 64 and are processed
respectively in a manner similar 10 that as disclosed
with reference to the digital data receivers and searcher
receiver of the mobile unit in FIG. 2. However, the
processing by the digital data receivers and searcher
receivers are different for the mobile to cell-site link
from that used in the cell-site to mobile link in several

respects. .

In the inbound link, or mobile unit to cell-site link, the
mobnlre unithdoes not transmit a pilot signal that can be
used for coherent reference purposes in signal process-
ing at the cell-site. Thus, the mobile unit to cell-site link
utilizes a non-coherent modulation and demodulation
scheme using 64-ary orthogonal signailing.

Searcher receiver 64 is again used to scan the time
domain about the receiver signal to ensure that the
associated digital data receiver 66, and data receiver 68
if used, are tracking and processing the strongest avail-
able time domain signal. This tracking process is identi-
cal to that described with reference 10 the mobile unit.
Searcher receiver 64 provides a signal to cell-site con-
trol processor T8 which provides control signals to
dlgmldaurecaven“mdﬂforselectmzthenppfo-
priate received signal for processing.

In the 64-ary orthogonal signalling process, each
mobile ynit transmitted symbol has one of 64 different
possibilities. A 6 bit symbal is encoded into one of 28,
i.e. 64, dnffcmtbmaryseqm'l‘hemofuqmeu
chosen are known as Walsh functions. The optimum
receive function for the Walsh function is the Fast
Hadamard Transform (FHT). In searcher receiver 64
and digital data receivers 66 and 68, the input signal is
correlated as discussed with reference to the mobile unit
receivers, with the correlator output fed to a FHT pro-
cessor. The FHT processor produces a set of 64 coefli-
cients for every 6 symbols. The 64 symbols are then
multiplied by a weighting function generated in the
receiver. The weighting function is linked to the si
strength as measured by searcher receiver 64. The
weighted data is then provided as an output to diversity
combiner and decoder circuitry 80.

The second receiver system processes the received
signals in 2 manner similar to that discussed with respect
to the first receiver system of FIG. 3. The weighted 64
symbols output from receivers 66 and 76 are provided
to diversity combiner and decoder circuitry 80. Cir-
cuitry 80 inciudes an adder which adds the weighted 64
symbols from receiver 66 to the weighted 64 symbols
from receiver 76. The resulting 64 coefficients are com-
pared with one another in order to determine the largest
coefficient. The magnitude of the comparison result,
together with the identity or the largest of the 64 coefTi-
cients, is used to determine a set of decoder weights and
symbols for use within a Viterbi algorithm decoder
implemented in circuitry 80.

The Viterdi decoder is preferably of a constraint
length 9, and of a code rate §. The Viterbi decoder is
utilized to determine the most likely information bijt
sequence. For each vocoder data block, nominally 15
msec. of data, a signal quality estimate is obtained and
transmitted as a mobile unit power adjustment com-
mand along with data to the mobile unit. Further infor-
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mation on the generation of this quality estimate is dis-
cussed in further detail in the co-pending application
mentioned above. This quality estimate is the average
signal-to-noise ratio over the 15 msec. interval.

In FIG. 3, optional digital data receiver 68 may be
included for improved performance of the system. This
additional data receiver alone or in combination with
additional receivers can track and receive other possible
delay paths of mobile unit transmitted signals. The
structure ahd operation in this receiver is similar to that
described with reference to the digital data receivers 66
and 76. Receiver 68 is utilized to obtain additional di-
versity modes. Optional additional digital data receivers
provsdmg additional diversity modes are extremely
useful in those cell-sites which are located in dense
urban areas where many possibilities for multipath sig-
nals oceur.

Signals from the MTSO are coupled to the appropri-
ate transmit modulator via digital link 82 under control
of control processor 78. Transmit modulator 84 spread
spectrum modulates, according to a predetermined
spreading function as assigned by control processor 18,
the data for transmission to the intended reclpnem mo-
bile unit. The outpnt of transmit modulator 84 is pro-
vided to transmit power control circuitry 86 where
under the control of control processor 78 the transmis-
sion power may be controlled. The output of circuitry
86 is provided to transmit power amplifier circuitry 88.

Circuitry 88 includes a summer for summing the out-
put of transmit modulator 84 with the output of other
transmit modulators at the cell-site. Circuitry 88 further
includes a symmer for summing the pilot signal output
from pilot signal generator 90 with the summed transmit
modulstor output signals. Circuitry 88 also includes a
digital 10 analog converter, frequency upconversion
circuitry and an amplifier for respectfully converting
the digital signal to an analog signal, converting the IF
frequency si as output from the transmit modula-
tors 10 an RF frequency and amplifying the RF signal.
The output from circuitry 88 is provided to antenna 92
where it is radiated to mobile units within the cell-site
service area.

Cell-site control processor 78 has the responsibility
for assignment of digital data receivers and modulators
10 a particular call. Control processor 78 also monitors
the progress of the call, quality of the signals and initi-
ates teardown on loss of signal. The cell-site communi-
cates with the MTSO via link 82 where it is coupled by
a standard telephone wire, optical fiber, or microwave
link.

FIG. 4 illustrates in block disgram form the equip-
ment utilizéd in the MTSO. The MTSO typically in-
cludes a system controller or system control processor
100, digital switch 102, diversity combiner 104, digital
vocoder 106 tnﬂ” digital switch 108. Although not illus-
trated additional diversity combiners and digital vocod-
ers are coupled between digital switches 102 and 108.

When the cell-diversity mode is active, or the MTSO
is in the handofT process with the call processed by two
cell-sites, signals will arrive at the MTSO from more
than one cell-site with nominally the same information.
However, because of fading and interference on the
inbound link from the mobile unit to the cell-sites, the
signal {from one cell-site may be of better quality than
the from the other cell-site.

Digjtal switch 102 is used in routing the information
stream corresponding to a given mobile unit from one
or more cell-sites to diversity combiner 104 or the cor-
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responding diversity combiner as determined by a sig-
nal from system control processor 100. When the sys-
tem is not in the cell-diversity mode. diversity combiner
104 may be either bypassed or fed the same information
on each input port.

A multiplicity of serial coupled diversity combiners
and vocoders are provided in parallel. nominally, one
for each call to be processed. Diversity combiner 104
compares the signal quality indicators accompanying
the information bits from the two or more cell-site sig-
nals. Diversity combiner 104 selects the bits corre-
sponding to the highest quality cell-site signal on a
frame-by-frame basis of the information for output to
vocoder 106.

Vocoder 106 converis the format of the digitized
voice signal to standard 64 Kbps PCM telephone for-
mat, analog, ornyothnmndudfomz. The resultant
signals are tramsmitted from vocoder 106 to digital
switch 108. Under the contral of system coatrol proces-
sor 100, the call is roused to the PSTN.

Voice signals coming from the PSTN intended for
themobdeumtmptowdadwdlpwsmh 108 to an
appropriate digital vocoder such as vocoder 106 under
control of sysiem control processor 100. Vocoder 106
encodes the input digitized voice signals and provides
the resulting information bit stream directly to digital
switch 102. Digital switch 102 under system coatrol
processor control directs the eacoded data to the cell-
site or cell-sites to0 which the mobile unit is communicat-
ing. If the mobile unit is in a handoff mode communicat-
ing to multiple cell-sites or in a cell diversity mode,
digital switch 102 routes the calls to the appropriate
cell-sites for transmission by the appropriate cell-site
transmitter to the intended recipient mobile unit. How-
ever, if the mohile unit is communicating with only a
single cell-site or not in a cell diversity mode, the signal
is directed only to a single cell-site.

System contrgl processor 100 provides costrol over
digital switches 102 and 108 for routing data 1o and
from the MTSO. System comtrol 100 aiso
determines the assignment of calls to the cell-sites and 1o
the vocoders at the MTSO. Furthermore, system con-
trol processor 100 cmnmcna with esch cell-site
control  processor about the of particular
calls between the MTSO and cell-site, and the assign-
ment of PN codes for the calls. It should be fusrther
understood that as illustrated in FIG. 4 digital switches
102 and 108 are illustrated as two separate switches,
however, this function may be performed by a single
physical switching unit.

The previous description of the preferred embodi-
ments are provided ta ensbie any person skilled in the
art to make or use the present inveation. Various modi-
fications to these embodiments will be readily spparent
to those skilled in the an, and the generic principles
defined herein may baapghed 1o other embodiments
without the use of the inventive facuity. Thus, the pres-
eat invention is not intended to be limited to the em-
bodiment herein, but is to be accorded the widest scope
consistent with the principles as novel features dis-
closed herein.

We claim:

1. Inacdluhrtdephomsynemmwhuchanohle
sysiem user and another system user communicate user
information signals therebetween via at least one of a
plurality of geographically separated cell-sites each
defining a respective geographic service area, a system
for directing communications between said mobile sys-
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tem user and said another system user via said at least user information signals berween said mobile sys-
one of said plurality of cell-sites as said mobile system tem user and said another system user via said
user changes cell-site service areas, comprising: another cell-site.
means for, while said mobile system user is in a ser- 4. The system of claim 3 wherein said means for ter-
vice area of one cell-site and communicating user $§ minating comprises:
information signals with said another system user said processing means being further responsive to

via said one cell-site, determining a transition of
said mobile system user from said one cell-site ser-
vice area to a service area of another cell-site, and
for providing a handoff request identifying said
another cell-site;

means responsive to said handoff request for coupling
a communication of said user information signals
between said mobile system user and said another
system user via said another cell-site while said
mobile system user and said another system user
continue in communication of said user information
signals via said one cell-site such that said mobile
system user and said another system user concur-
rently communicate said user information signals
through said one cell-site and said another cell-site;

15

20

said communication of user information signals
between said mobile system user and said another
system user via said another cell-site for generating
a handoff complete command, said mobile system
user communicating said handoff complete com-
mand to said system controller via at least one of
said one cell-site and said another cell-site;

said system processing means being further respon-

sive to said handoff complete command for gener-
ating a second switch command; and

said switching means being further responsive to said

second switch command for decoupling communi-
cation of said user information signals between said
mobile system user and said another system user
via said one cell-site.

and S. In a cellular radio communication system, a
means responsive t0 said coupling of communication  method for handing off communications between a

of said user information signais between said mo- mobile system user and another system user from one

bile system user and said another system user via 25 cell to another cell comprising the steps of:

said another cell-site for terminating said communi- directing by a system controller a relay of user infor-

cation of said user information signals between said
mobile system user and said another system user
via said one cell-site with said communication of
said user information signals continuing between 30
said mobile system user and said another system
user via said another cell-site.

2. The system of claim 1 wherein each cell-site trans-
mits & pilot signal indicative of said transmitting cell-
site, said means for determining comprising: 3s

scanning receiver means located at said mobile sys-

tem user for when said mobile system user is in a
transition from said one cell-site service are to said
another cell-site service area, receiving said cell-
site transmitted pilot signals, measuring signal 40
strength of each received pilot signal, comparing
pilot signal strength measurements, and providing
a signal strength signal indicative of a received
pilot signal of greatest measured signal strength
and cell-site of origin; and 45
processing means located at said mobile system user
for receiving ssid signal strength signal and for,
when said signal strength signal changes from indi-

mation signals between a mobile system user and
another system user through one cell-site;

determining. by said mobile system user while said

mobile system user and said another system user
are communicating said user information signals
through said one cell-site, a transition of said mo-
bile system user from a service area of said one
cell-site 10 a service area of another cell-site;

generating, by said mobile user in response to said

transition determination, a first control signal iden-
tifying said another cell-site;

communicsting said first control signal from said

mobile system user through said one cell-site to
said system controller;

directing, by said system controlier in response to

said first control signal, a communication of said

user information signals between ssid mobile sys-

tem user and said another system user through said

another ceil-site concurrently with said communi-

cation of said user information signals between said

mobile system user and said another system user
said one cell-site.

cating said one cell-site transmitted pilot signal is of 6. The method of claim 5 further comprising the steps
a greater signal strength than said another cell-site 50 of:
transmitted pilot signal to indicating said another generating, by said mobile system user in response to

cell-site transmitted pilot signal is of a signal
strength greater than said one cell-site transmitted
pilot signal, generating said handoff request.

said communication of said user information signals
between said another system user and said mobile
system user via said another cell-site, a second

coatrol signal;
communicating said second control signal from said
mobile system user to said system controller via at
least one of said one cell-site and said another cell-
site; and
terminating by said system controller & directing of
said user information signals to said one cell-site.
7. The method of claim 8 wherein said user informa-
switching means for, under control of said system  tion signals communicated by said mobile system user,
processing means, coupling said communication of  said one cell-site and said another cell-site are spread
said user information signals between said mobile 65 spectrum modulated according to predetermined
system user and said another system user via said  spreading codes.
one cell-site and responsive to said first switch 8. The method of claim 6 wherein said user informa-
command for coupling said communication of said tion signals communicated by said mobile system user,

3. The system of claim 2 wherein said mobile system $5
user communicates said handoff request to said one
cell-site for coupling to a system controller, wherein
said system controller comprises said means for cou-
pling, and said means for coupling comprises:

system processing means for receiving said handoff 60

request and responsive thereto for generating a first
switch command; and
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said one cell-site and said another cell-site are spread
spectrum modulated according to predetermined
spreading codes.

9. In a cellular radio telephone system in which mo-
bile users are capable of initiating and receiving calis to
and from other mobile users and users in a public tele-
phone system wherein said calls are relayed through at
least one of a plurality of cell-sites under the control of
a systém controller, each of said calls comprised of user
information signals which are spread spectrum modu-
lated according to a different predetermined user infor-
mation signal spreading code as communicated between
said at least one cell-site and a corresponding mobile
user, and wherein each cell-site transmits a pilot signal
that is spread spectrum modulated according to a pilot
signal spreading code common to all cell-sites and each
cell-site pilot signal is of a different predetermined code
phase with respect to a neighboring cell-site pilot signal,
a method for directing the relay of communications
between a mobile user and another user through said
cell-sites as said mobile user changes service areas of
said cell-sites, said mechod comprising the steps of:

communicating user information signals between a

mobile user and another user through a first celi-
site;

transmitting a pilot signal by each of said first cell-site

and a second cell-site;

receiving st said mobile user said first and second

cell-site transmitted pilot signals:

determining at said mobile user relative pilot signal

strength of said pilot signals as received at said
mobile user;
generating, at said mobile user in response to said
determination of relative pilot signal strength. a
handofl’ request when said second cell-site trans-
mitted pilot signal is of a predetermined level with
respect to said first cell-site transmitted pilot signal:

communicating said handoff request to said system
controller via said first cell-site;

assigning by said system controller said second cell-

site to relay said communication of user informa-
tion signals between said mobile user and said an-
other user: and

communicating said user information signals between

said mobile user and said another user through said
second cell-site wherein said mobile user and said
another user concurrently communicate through
both said first and second cell-sites.

10. The method of claim 9 further comprising the
steps of: :

detecting at said mobile user sasid communication of

said user information signals as relayed through
said second cell-site;

generating a handoff complete command at said mo-

bile usér in response to said detection of said sec-
ond cellssite rélayed communication of said user
information sigrials;
transmitting said handoff complete command to at
least one of said first and second cell-sites; and

terminating in response to said handoff complete
command said communication of user information
between said mobile user and said another system
user through said first cell-site.

11. The method of claim 9 further comprising the
steps of:

generating a cell-diversity mode request at said first

cell-site;
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relaying said cell-diversity mode request to said mo-

bile user; and

wherein said mobile user is responsive o0 said cell-

diversity mode request for maintaining communi-
cation with said another user through said first and
second cell-sites.

12. The method of claim 9 wherein the step of com-
municating said user information signals through said
first cell-site comprises the steps of:

receiving at said system controller an another user

information signal from said another user;
coupling said another user information signal from
said system controller 1o said first cell-site;
receiving at said first cell-site from said system con-
troller said another user information signai;
modulating at said first cell-site said another user
information signal according to a predetermined
another user information signal spreading code so
as to provide a first spread spectrum signal;
transmitting by said first cell-site said first spread
spectrum signal:

receiving at said mobile user said first spread spec-

trum signal;
despreading, at said mobile user according to said
predetermined another user information signal
spreading code, said received first spread spectrum
signal so as to provide said another user informa-
tion signal t0 said mobile user;
modulating, at said mobile user, a mobile user infor-
mation signal according to a predetermined mobile
user information signal spreading code 30 as to
provide a second spread spectrum signal;

transmitting by said mobiie user said second spread
spectrum signal;

receiving at said first cell-site said second spectrum

signal;

despreading, at said first cell-site according to said

predetermined mobile user information signal
spreading code. said received second spread spec-
trum signal 30 as 10 provide said mobile user infor-
mation signal;

coupling said mobile user information signal 10 said

system oontroller from said first cell-site;
receiving at said system controller ssid mobile user
information signal from said first cell-site; and
providing ssid mobile user information signal from
said system controller 10 said another aser.

13. The method of claim 9 wherein the step of deter-
mining relative pilot signal strength comprises the steps
of:

measuring pilot signal strength of said received pilot

signalis at said mobile user;

comparing st said mobile user said pilot signal

strength measurements; and ‘
identifying ome of said pilot signals of greatést signal
strength.

14. The method of claim 9 wherein the step of com-
municating said handoff request comprises the steps of:

transmitting said handoff request to said first cell-site;

and

relaying by said first cell-site said handoff request to

said system controller.

18. The method of claim 9 wherein the step of assign-
ing said second cell-site to said communication of user
information signals comprises the steps of:

determining from said handofT request an identifica-

tion of said second cell-site:
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communicating to said second cell-site an assignment
of said second cell-site in communicating said user
information signals between ssid mobile user and
said another user; and
selecting at said second cell-site one of a plurality of
modems at said second cell-site for communication
of said user information signals between said mo-

16. The method of claim 12 wherein the step of com-
municating said user information signals through said
second cell-site comprises the steps of:

coupling said another user information signal from

said system controller to said second cell-site;
receiving at said second cell-site. from said system
controller said another user information signal;
modulating at said second cell-site said another user
information signal according to said another user
information signal spreading code so as to provide
a third spread spectrum signal;

transmitting by said second cell-site said third spread

spectrum signal;

receiving at said mobile user said third spread spec-

trum signal;

despreading, at said mobile user according to said

another user information signal spreading code.
said received third spread spectrum signal;
combiming said despread first and third spread spec-
trum signals 50 as to provide said another user
information signal to said mobile user;

receiving at said second cell-site said second spresd

spectrum signal;

despreading, at said second cell-site according to said

mobile user information signal spreading code, said
second cell-site received second spread spectrum
signal so as to provide at said second cell-site said
mobile user information signal;

coupling said mobile user information signal to said

system controller from said second cell-site;
receiving at said system controller said mobile user
information signals from said second cell-site;
combining said at said system controller said mobile
user information signals received from each of said
first and second cell-sites; and
providing said combined mobile user information
signals from said system controller to said another
user.

17. The method of claim 10 wherein the step of termi-
nating said communication of user information signals
between said mobile user and said another system user
through said first cell-site comprises the steps of:

relaying by said at least one of said first and second

cell-sites said handoff complete command to said
system controller;

decoupling by said system controller a communica-

tion of said user information signals berween said
another user and said first cell-site;

discontinuing by said first cell-site a communication

of said user information signals from said another
user to said mobile user;

generating a termination command at said first cell-

site;

transmitting said termination command to said mobile

user; and

discontinuing by said mobile user a communication of

said user information signals from said mobile user
to said first cell-site.

18. In a mobile radio telephone system in which mo-
bile users are capable of initiating and receiving calls
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comprised of information signals to and from other
mobile users and users in a public telephone system
wherein said calls are relayed through at least one of a
plurality of cell-sites under the control of a system con-
troller and wherein each cell-site has & corresponding
service area, a system for directing the relay of commu-
nications between a mobile user and another user
through said cell-sites as said mobile user changes cell-
site service areas, said system comprising:
means at each cell-site of a plurality of cell-sites for
generating and transmitting a pilot signal indicative
of each cell-site of origin;
means at said system controller for, receiving a user
information signal from a user intended for a mo-
bile userandeouphn;mdummfomuon signal
to a first cell-site;
means at said first cell-site for, receiving said user
information signal from said system controller,
spread spectrum modulating said user information
signals according to a first predetermined user
information signal spreading code and transmitting
said spread spectrum modulated user information
signal to an intended recipient mobile user;
means at said mobile user for receiving and despread-
ing said first cell-site transmitied spread spectrum
madulated user information signal according to
said first spreading code so as to provide a first
resultant user information signal to said mobile
user;
means at said mobile user for spread spectrum modu-
lating a mobile user information signal intended for
said user according to a second spreading code and
transmitting said spread spectrum modulated mo-
bile user information signal to said first cell-site;
means at said mobile user for, receiving said pilot
signals transmitted by said first cell-site and a sec-
ond cell site, determining relative pilot signal
strength of each received pilot signal, generating a
handoff request when said second cell-site trans-
mitted pilot signal is of a predetermined level with
respect to said first cell-site transeitted pilot signal,
and transmitting said handoff request to said first
cell-site; .
means at said first cell-site for, receiving said handofl
request and said spread spectrum modulated mo-
bile user information signal, despreading said
tion signal according 1o said second spreading code
30 a3 to provide a first resultant mobile user infor-
mation signal, and for coupling said handoff re-
quest and said first resultant mobile user informa-
tion signal to said system controller;
means at said system controller for, receiving said
handoff request and said first resuliant mobile user
information signal from said first cell-site, coupling
said first resultant mobile user information signal to
said user, and said means for coupling said user
information signal to said first cell-site being fur-
ther responsive to said handoff request for coupling
said user information signal to said secoad cell-site;
means at said second cell-site for, receiving said user
information signal from said system coatroller,
spread spectrum modulating said user information
signal intended for said mobile user according to
said first spreading code and transmitting said
spread spectrum modulated user information signal
to said mobile user;
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said means at said mobile user for receiving and de-
spreading said first cell-site transmitted spread
spectrum modulated user information signal fur-
ther for receiving and despreading said second
celi-site transmitted spread spectrum modulated
user information signal according to said first
spreading code 50 as to provide a second resultant
second resultant user information signals so as to
provide a combined user information signal to said
mobile user, and wherein said user contemporane-
ously communicates with said mobile user through
both said first and second cell-sites;
said means at said mobile user for spread spectrum
modulating sasid mobile user information signal
further for transmiitting said spread spectrum mod-
ulated mobile user information signal to said sec-
ond cell-site;
means at said second cell-site for, receiving said
spresd spectrum modulated mobile user informa-
tion signal, déspreading said spread spectrum mod-
ulated mobile user information signals according to
said second spreading code 30 as to provide a sec-
ond resultant mobile user information signal, and
for coupling said second resultant mobile user in-
formation signal to said system costroller; and

said means at said system controlier for receiving said
first resultant mobile user information signal from
said first ceil-site further for receiving said second
resultant mobile user information signal from said
second cell-site, combining said first and second
resultant mobile user information signals so as o
provide a combined mobile user information signal,
and for coupling said combined mobile user infor-
mation signal to said user in place of said first resul-
tant mobile user information signal, and wherein
said mobile user contemporaneously communicates
with said user through both said first and second
cell-sites.

19. The system of claim 18 further comprising:

said means at said mobile user for generating said

handoff request further for detecting a coupling of
communications between mobile user and said
user, generating a handoff complete command and
transmitting said handoff complete command to at
least one of said first and second cell-sites:

said mesans at said first and second cell-sites for re-

ceiving, despreading and coupling said first and
second resulftint mobile user information signals to
said system controller further for receiving and
coupling ssid handoff complete command to said
system controller;

said means at'siid system controller for receiving and

combining said first and second resultant mobile
cell-sites farther for, receiving said handoff com-
plete comuitand from said at Jeast one of said first
and second cell-sites and responsive thereto for
coupling omnly said second resultant mobile user
information signal to said user; and

said means at said system controller for coupling said

user informiation signal to said first and second
cell-sites responsive to said received handoff com-
mand for decoupiing said user information signal to
said first cell-site.

20. The system of claim 18 wherein each cell-site
spread spectruim modulates each pilot signal according
to s pilot signal spresding code common to all cell-sites
and cell-site each pilot signal is of a different predeter-
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mined code phase with respect 10 each neighboring
cell-site pi - ‘
21. In a oellular radio télephone system i
mobile users are capable of initiating and receiving calls
to and from other mobile users and esers in a public
system wherein said cails are relayed through

mobile user and another user through a first ceil-
site;

determining at said first cell-site signal strength of
said user information signals as received at said first
cell-site from said mabile user;

generating, at said first cell-site in response to said
determination of signal streagth, a handoff request
when said signal strength fall below a predeter-
mined level;

communicating said handofl request 10 said system
controller;

mirin;bynidsymeomoﬂcrucbuﬂ-gheofu
plurality of cell-sites neighboring said first cell-site

t&:let_em‘-e:ipulguennho(dd user informa-

genmmgedl: s cell-diversity mode request at asid first

-S1te;

relaying said cell-diversity mode request 10 said mo-
iversity mode request for maintaining communi-
ce}}qgtemdaidnlustoneofsddneighboﬂng
cell-sites.
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SYSTEM AND METHOD FOR GENERATING
SIGNAL WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to cellular telephone
svstems. More specifically, the present invention relates
to a novel and improved system and method for com-
municating information, in a mobile cellular telephone
svstem or satellite mobile telephone system. using
spread spectrum communication signals.

I1. Description of the Related Art

The use of code division muitiple access (CDMA)
modulation techniques is one of several techniques for
facilitating communications in which a large number of
system users are present. Other muitiple access commu-
nication system techniques, such as time division multi-
ple access (TDMA), frequency division multiple access
(FDMA) and AM modulation schemes such as ampli-
tude companded single sideband (ACSSB) are known in
the art. However the spread spectrum modulation tech-
mque of CDMA has significant advantages over these
modulation techniques for multiple access communica-
tion systems. The use of CDMA techniques 1n a muiti-
ple access communication system is disclosed in U.S.
Pat. No. 4.901,307, issued Feb. 13, 1990, entitled
“SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATEL-
LITE OR TERRESTRIAL REPEATERS", assigned
10 the assignee of the present invention, of which the
disclosure thereof is incorporated by reference.

In the just mentioned patent. a multiple access tech-
nique is disclosed where a large number of mobile tele-
phone system users each having a transceiver communi-
cate through satellite repeaters or terrestrial base sta-
tions (also referred to as cell-sites stations, cell-sites or
for short. cells) using code division multiple access
(CDMA) spread spectrum communication signals. In
using CDMA communications. the frequency spectrum
can be reused multiple times thus permitting an increase
in system user capacity. The use of CDMA results in a
much higher spectral efficiency than can be achieved
using other multiple access techniques.

The satellite channel typically experiences fading that
is characterized as Rician. Accordingly the received
signal consists of a direct component summed with a
multipie reflected component having Rayleigh fading
statistics. The power ratio between the direct and re-
flected component is typically on the order of 6-10 dB,
depending upon the characteristics of the mobile unit
antenns and the environment sbout the mobile unit.

Contrasting with the satellite channel, the terrestrial
channel experiences signal fading that typically consists
of the Rayleigh faded component without a direct com-
ponent. Thus, the terrestrial channel presents a more
severe fading environment than the satellite channel in
which Rician fading is the dominant fading characteris-
tic.

The Rayleigh fading characteristic in the terrestrial
channe! signal is caused by the signal being reflected
from many different features of the physical environ-
ment. As a result, a signal arrives at a2 mobile unit re-
ceiver from many directions with different transmission
delays. At the UHF frequency bands usually employed
for mobile radio communications, including those of
cellular mobile telephone systems, significant phase
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differences in signals traveling on different paths may
occur. The possibility for destructive summation of the
signals may resuit, with on occasion deep fades occur-
ring.

Terrestrial channel fading is a very strong function of
the physical position of the mobile unit. A small change
in position of the mobile unit changes the physical de-
lays of all the signal propagation paths. which further
results in a different phase for each path. Thus, the
motion of the mobile unit through the environment can
result in s quite rapid fading process. For example, in
the 850 MHz cellular radio frequency band. this fading
can typically be as fast as one fade per second per mile
per hour of vehicle speed. Fading this severe can be
extremely disruptive to signals in the terrestrial channel
resuiting in poor communication quality. Additional
transmitter power can be used to overcome the problem
of fading. However, such power increases effect both
the user, in excessive power consumption, and the sys-
tem by increased interference.

The CDMA modulation techniques disclosed in U.S.
Pat. No. 4,901,307 offer many advantages over narrow
band modulation techniques used in communication
systems employing satellite or terrestriai repeaters. The
terrestrial channel poses special problems 10 any com-
munication system particularly with respect to multi-
path signals. The use of CDMA techniques permit the
special problems of the terrestrial channel to be over-
come by mitigating the adverse effect of multipath, e.g.
fading, while also exploiting the advantages thereof.

In a CDMA cellular teiephone system, the same fre-
quency band can be used for communication in all cells.
The CDMA waveform properties that provide process-
ing gain are also used to discriminate between signais
that occupy the same frequency band. Furthermore the
high speed pseudonoise (PN) modulation aliows many
different propagation paths to be separated, provided
the difference in path delays exceed the PN chip dura-
tion, i.e. 1/bandwidth. If a PN chip rate of approxi-
mately | MHz is employed in a CDMA system, the full
spread spectrum processing gain. equal to the ratio of
the spread bandwidth to system data rate, can be em-
ployed against paths that differ by more than one micro-
second in path delay from the desired path. A one mi-
crosecond path delay differential corresponds to differ-
ential path distance of approximately 1,000 feet. The
urban environment typically provides differential path
ddnysmexealofmmcmd.ndupto 10-20
microseconds are reported in some areas.

In narrow band modulation sysiems such as the ana-
log FM modulation employed by conventional tele-
phone systems, the existence of muitiple paths resuits in
severe multipath fading. With wide band CDMA mod-
ulation, bowever, the different paths may be discrimi-
nated against in the demodulation process. This discrim-
ination greatly reduces the severity of multipath fading.
Multipsth fading is not totally climinated in using
CDMA discrimination techniques becamse there will
occasionally exist paths with' delayed differentials of
less than the PN chip durstion for the particular system.
Signals having path delays on this order cannot be dis-
criminated against in the demodulator, resulting in some
degree of fading.

It is therefore desirable that some form of diversity be
provided which would permit a system 10 reduce fad-
ing. Diversity is one approach for mitigating the delete-
rious effects of fading. Three major types of diversity
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exist: time diversity, frequency diversity and space di-
versity.

Time diversity can best be obtained by the use of
repetition, time interleaving, and error detection and
coding which is a form of repetition. The present inven-
tion employes each of these techniques as a form of time
diversity.

CDMA by its inherent nature of being a wideband
signie offers a form of frequency diversity by spreading
the signal energy over a wide bandwidth. Therefore,
frequency selective fading affects only a small part of
the CDMA signal bandwidth.

Space or path diversity is obtained by providing mul-
tiple signal paths through simultaneous links from a
mobile user through two or more cell-sites. Further-
more, path diversity may be obtained by exploiting the
muitipath environment through spread spectrum pro-
cessing by allowing a signal arriving with different
propagation delays to be received and processed sepa-
rately. Examples of path diversity are illustrated in
copending U.S. patent application entitled “SOFT
HANDOFF IN A CDMA CELLULAR TELE-
PHONE SYSTEM", Ser. No. 07/433,030, filed Nov. 7,
1989. and copending U.S. patent application entitled
“DIVERSITY RECEIVER IN A CDMA CELLU-
LAR TELEPHONE SYSTEM", Ser. No. 07/432,552,
also filed Nov. 7, 1989, both assigned to the assignee of
the present invention.

The deleterious effects of fading can be further con-
trolled 10 a certain exient in a CDMA system by con-
trolling transmitter power. A system for cell-site and
mobile unit power control is disclosed in copending
U.S. patent application entitled “METHOD AND AP-
PARATUS FOR CONTROLLING TRANSMIS.
SION POWER IN A CDMA CELLULAR MOBILE
TELEPHONE SYSTEM", Ser. No. 07/433,031, filed
Nov. 7. 1989, siso assigned to the present invention,
now U.S. Pat. No. 5.056,109.

The CDMA techniques as disclosed in U.S. Pat. No.
4.901,307 contemplated the use of coherent modulation
and demodulation for both directions of the link in
mobile-satellite communications. Accordingly, dis-
closed therein is the use of a pilot carrier signal as a
coherent phase reference for the sateilite-to-mobile link
and the cell-to-mobile link. In the terrestrial cellular
environment, however, the severity of multipath fad-
ing, with the resulting phase disruption of the channel.

10

35

43

precludes ‘usage of coherent demodulation technique

for the mobile-to~cell link. The present invention pro-
vides 3 means for ing the adverse effects of
multipsth in the mobile-to-cell link by using noncoher-
ent moduiation and demodulation techniques.

The CDMA techmiques as disclosed in U.S. Pat. No.
4,901,307 further contempiated the use of relatively
long PN sequences with esch user channel being as-
signed a different PN sequence. The cross-correlation
between different PN sequences and the autocrrelation
of a PN sequence for all time shifts other than zero both
have a zero average value which allows the different
user signals t0 be discriminated upoa reception.

‘However, such PN signals are not orthogonal. Al-
though the cross-correlations average to zero, for a
short ume interval such as an information bit time the
cross-correlation follows a binomial distribution. As
such, the signals interfere with each other much the
same as if they were wide bandwidth Gaussian noise at
the same power spectral density. Thus the other user
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signals. or mutual interference noise. ultimately limits
the achievable capacity.

The existence of muitipath can provide path diversity
to a wideband PN CDMA system. If two or more paths
are available with greater than one microsecond differ-
ential path delay, two or more PN receivers can be
employed 10 separately receive these signals. Since
these signals will typically exhibit independence in mul-
tipath fading, i.e., they usuaily do not fade together, the
outputs of the two receivers can be diversity combined.
Therefore a loss in performance only occurs when both
receivers experience fades at the same time. Hence, one
aspect of the present invention is the provision of two or
more PN receivers in combination with a diversity
combiner. in order to exploit the existence of multipath
signals, to overcome fading, it is necessary to utilize a
waveform thiat permits path diversity combining opera-
tions to be performed.

1t is therefore an object of the present invention to
provide for tie generation of PN sequences which are
orthogonal s0 as to reduce mutual interference, thereby
permitting greater user capacity, and support path di-
versity thereby overcoming fading.

SUMMARY OF THE INVENTION

The implementation of spread spe¢trum communica-
tion techniques, particularly CDMA techniques, in the
mobile cellular telephone environment therefore pro-
vides features which vastly enhance system reliability
and capacity over other communication system tech-
niques. CDMA techniques as previously mentioned
further enable problems such as fading and interference
to be readily overcome. Accordingly, CDMA tech-
niques further promote greater frequency reuse. thus
enabling a substantial increase in the number of system
users.

The present invention is a novel and improved
method and system for constructing PN sequences that
provide orthogonality between the users so that mutual
interference will be reduced, allowing higher capacity
and better link pert‘omuuce. With orthogonal PN
codes, the gross-correlation is zero over a predeter-
mined time interval, resulting in no interference be-
tween the arthogonal codes, provided only that the
code time frames are time aligned with each other.

In an exempiary embodiment, signais are communi-
medbumaedkucudmwemmduect

sequence spread spectrum communication signals. In
me cell-to-mobile link, pilot, sync, paging and voice
chaanels are defined. Information commuticated on the
cell-to-mobile jink chamnels are, in general, encoded,
interieaved, bi-phase shift key (BPSK) modulated with
orthogonal coveritg of esch BPSK symbol aloag with
quadrature phase shift key (QPSK) spreading of the
covered symbois.

In the'mobile-to-cell link, access and voice channels
are defined. Information communicated oa the mobile-
to-cell link channeis are, in general, encoded. inter-
leaved, orthogonal signailing along with QPSK spread-
ng.

BRIEF DESCRIPTION OF THE DRAWINGS

The festures, objects, and advantages of the present
invention will become more apparent from the detailed
description set forth below when taken in-conjunction
with the drawings in which like reference charcters
identify correspondingly throughout and wherein:
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FIG. 1 is a schematic overview of an exemplary
CDMA cellular telephone system:

FIG. 2is a block diagram of the cell-site equipment as
impiemented in the CDMA cellular telephone system;
FIG. 3 is a block diagram of the cell-site receiver:

FIGS. 4a-dc form a block diagram of the cell-site
transmit modulator; and

FIG. § is an exemplary timing diagram of sync chan-
nel symbol synchronization;

FIG. 6 is an exemplary timing diagram of sync chan.
nel timing with orthogonaal covering;

FIG. 7 is an exemplary timing diagram of the overall
cell-to-mobile link timing;

FIG. 8 is a block diagram of the mobile telephone
switching office equipment;

FIG. 9 is a block diagram of the mobile unit tele-
phone configured for CDMA communications in the
CDMA ceilular telephone system:

FIG. 10 is a block diagram of the mobile unit re-
ceiver; and

FIG. 11 s a block diagram of the mobile unit transmit
modulator:

FIG. 12 is an exemplary timing diagram of the mo-
bile-to-cell link for the variable data rate with burst
transmission; and

FIG. 13 is an exemplary timing diagram of the overall
mobile-to-cell link timing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In a CDMA cellular telephone system, each cell-site
has a plurality of modulator-demodulator units or
spread spectrum modems. Each modem consists of a
digital spread spectrum transmit modulator. at least one
digital spread spectrum data receiver and a searcher
receiver. Each modem at the cell-site is assigned to a
mobile unit as needed to facilitate communications with
the assigned mobile unit.

A soft handoff scheme is employed for a CDMA
cellular telephone system in which a new cellsite
modem is assigned to a mobile unit while the old cell-
site. modem continues to service the cail. When the
mobile unit is located in the transition region between
the two cell-sites. the call can be switched back and
forth berween cell-sites as signal strength dictates. Since
the mobile unit is always communicating through at
least one cell-site modem. fewer disrupting effects to the
mobile unit or in service will occur. The mobile unit
thus utilizes multiple receivers for assisting in the hand-
off process in addition to a diversity function for miti-
gating the effects of fading.

In the COMA cellulsr telephone system, each cell-
site transmits a “pilot carrier” signal. Shouid the cell be
divided into sectors, each sector has an associated dis-
tinct pilot signal within the cell. This pilot signal is used
by the mobile units to obtain initial system synchroniza-
tion and to provide robust time, frequency and phase
tracking of the cell-site transmitted signals. Each cell-
site also transmits spread spectrum modulated informa-
tion, such as cell-site identification, system timing, mo-
bile paging information and various other control sig-
nals.
The pilot signal transmitted by each sector of each
cell is of the same spreading code but with a different
code phase offset. Phase offset allows the pilot signals to
be distinguished from one another thus distinguishing
originating cell-sites or sectors. Use of the same pilot
signal code allows the mobile unit to find system timing
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synchronization by a single search through all pilot
signal code phases. The strongest pilot signal. as deter-
mined by a correlation process for each code phase, is
readily identifisble. The identified strongest pilot signal
generally corresponds to the pilot signal transmitted by
the nearest cell-site. However, the strongest pilot signal
is used whether or not it is transmitied by the closest
cell-site.

Upon acquisition of the strongest pilot signal. i.e.
initial synchronization of the mobile unit with the stron-
gest pilot signal, the mobile unit searches for another
carrier intended to be received by all system users in the
cell. This carrier, called the synchronization channel,
transmits a broadcast message containing system infor-
mation for use by the mobiles in the system. The system
information identifies the cell-site and the system in
addition to conveying information which allows the
iong PN codes, interieaver frames, vocoders and other
system timing information used by the mobile mobile
unit 10 be synchronized without additional searching.
Another channel, called the paging channe] may also be
provided to transmit messages to mobiles indicating that
a call has arrived for them. and to respond with channel
assignments when a mobile initiates a call.

The mobile unit continues to scan the received pilot
carrier signal code at the code offsets corresponding to
cell-site neighboring sector or neighboring transmitted
pilot signals. This scanning is done in order to determine
if a pilot signal emanating from a neighboring sector or
cell is becoming stronger than the pilot signal first de-
termined to be strongest. If, while in this call inactive
mode, a neighbor sector or neighbor cell-site pilot sig-
nal becomes stronger than that of the initial cell-site
sector or cell-site transmitted pilot signal, the mobile
unit will acquire the stronger pilot signals and corre-
sponding sync and paging chaanel of the new sector or
cell-site.

When a call is initiated, a pseudonoise (PN) code
address is determined for use during the course of this
call. The code address may be either assigned by the
cell-site or be determined by prearrangement based
upon the identity of the mobile unit. After a call is initi-
ated the mobile unit continues to scan the pilot signal
transmitted by the cell-site through which communica-
tions are established in addition to pilot signal of neigh-
boring sectors or cells. Pilot signal scanning continues
in order to determine if one of the neighboring sector or
cell transmitted pilot signals becomes stronger than the
pilot signal transmitted by the cell-site the mhobile unit is
in communication with. When the pilot signal associ-
ated with a neighboring cell or cell sector becomes
stronger than the pilot signal of the current cell or cell
sector, it is an indication to the mobile unit that a new
cell or cell sector has been entered and that a handoff
should be initiated.

An exemplary telephone system in which the present
invention is embodied is illustrated in FIG. 1. The sys-
tem illustrated in FIG. 1 utilizes spread spectrum modu-
lation techniques in communication between the system
mobile units or mobile telephones, and the cell-sites.
Cellular systems in large cities may have hundreds of
cell-site stations serving hundreds of thousands of mo-
bile telephones. The use of spread spectrum techaiques,
in particular CDMA, readily facilitates increases in user
capacity in systems of this size as compared to conven-
tional FM modulation celluiar systems.

In FIG. 1, system controller and switch 10, also re-
ferred to as mobile telephone switching office (MTSO),



